In this paper, a simplified 2D navigation system for hysteroscopy imaging was introduced. This system was evaluated in virtual endometrium models, and the position sensor measurement errors were very small and acceptable by the physician. The 2D navigation system, combined with quantitative image analysis will help the physician in gaining a better understanding of the pathophysiology of the tissue under investigation.
INTRODUCTION
Cancer of the endometrium is the most common cancer of the female reproductive organs, in the United States. In the 2010, the American Cancer Society estimated that 43,470 new cases will be diagnosed for endometrial cancer and about 7,950 women will die [8] .
The hysteroscopy examination is widely used over the last years for the assessment of endometrial cancer [7] . It is considered to be the gold-standard technique for the diagnosis of intrauterine pathology [10] .The hysteroscopy is perhaps the most difficult endoscopic surgery in gynaecology. The degree of difficulty is increased if there are large fibroid tumors or polyps to be removed. In these cases, the surgeon is often disoriented, especially when the host of the uterus is covered. The need of quantitative hysteroscopy imaging of the tissue (region of interest (ROI)) under investigation linked with navigation information is highly desirable by the gynaecologist when carrying out the exam.
In previous studies by our group, we have shown that the use of a standardised protocol for capturing and analyzing endoscopic video facilitates the wide spread use of quantitative analysis as well as the use of computer aided diagnostic (CAD) systems in gynaecological endoscopy [9] . The standardized protocol suggests the use of color correction and the use of specific viewing conditions so that there will be no significant differences in texture feature values extracted from the same type of tissue (normal or abnormal). Furthermore, when this protocol is applied, we have found that several texture features can be used to discriminate between normal and abnormal tissue since they exhibit significant differences for the two types of tissue.
The objective of this paper is to introduce a simplified 2D navigation system for hysteroscopy imaging. This will help the physician in gaining a better understanding of the tissue-ROI under investigation, especially in the case of suspicious regions that need to be biopsied. To the best of our knowledge, no such system exists for hysteroscopy imaging. A few endoscopy navigation systems have been published in the literature, but for bronchoscopy [4] , brain surgery [5] , and other.
The rest of the paper is organized as follows. In the following section the methodology followed by the results and concluding remarks.
METHODOLOGY
The proposed simplified 2D real time navigation system for hysteroscopy imaging consists of the following three different modules as described in Table 1 : a) camera and sensor calibration, b) video acquisition and ROI selection, and c) texture analysis and classification. This framework is based on previous versions of the standardized protocol for CAD hysteroscopy examination framework that was proposed by our group, as documented in [3] and [9] .
Camera and sensor calibration The proposed system was implemented and tested using the KARL STORZ IP4.l camera [7] , which contains also the luminance source and the monitor. The analog output of the system was connected with a frame grabber and was digitized at 720x576 pixels using the Hasotec-37 video grabber (24 bits color at 25 frames per second [6] ). The position sensor (Ascension Technology Corporation Company, Flock of Birds model [1]) was attached at the upper part of the hysteroscope. It records the x, y, and z coordinates, and the three angles, azimuth, elevation and roll.
The camera was calibrated for white balance, as well as for gamma correction as documented in [9] , (see Table 1 , steps 1-3). The position sensor was calibrated as follows: (see Table 1 step 4): the hysteroscope was held by the physician at the entry of the endometrium (see Fig. 2 , position 1, and Fig. 3 (b) position 1 ) and the sensor's receiver was adjusted so that the azimuth and roll angels were zeroed. Table 1 : Revised hysteroscopy imaging analysis protocol including the navigation functionality [3] , [9] .
A. Camera and Sensor Calibration 1. Calibrate the camera following the guidelines by the manufacturer (i.e. white balance). This provides optimal-viewing calibration that will be environmentally dependable. 2. Capture the color palette ROIs and their corresponding digitally generated values based on the data given by the manufacturer. 3. Calculate the gamma correction parameters. 4. Calibrate position sensor.
B. Video Acquisition and ROI Selection
5. Calibrate endometrial navigation model based on the subject's anatomy using the position sensor. 6. Acquire images at an angle that is nearly orthogonal to the object under investigation (only allowing 3 degree deviation) and at distances of 3cm (close up) to 5cm (panoramic) based on 2D navigation system feedback. 7. ROIs selection:
a. Manually crop ROIs of 64x64 pixels of suspicious areas to be investigated and/or b. Semi-automatically select a central region of 256x256 pixels, consisting of 16 ROIs of 64x64 pixels to be investigated. 8. ROIs are γ-corrected and visually assessed.
C. Texture Analysis and Classification
9. Convert the ROIs from RGB to the HSV and/or to the YCrCb systems. 10. Compute the texture features. 11. Classify ROIs into normal/abnormal using: a. SVM classifier, and/or b. C4.5 decision trees algorithm. 12. Store raw video, ROIs, texture features, and classification results into hysteroscopy imaging database. 13. Perform visual expert analysis of the results. 
Video acquisition and ROI selection
The endometrial navigation model was calibrated (scaled) based on the subject's anatomy as illustrated in Fig. 2 using the position sensor (see Table 1 , step 5). Figure 2 shows the endometrial landmarks corresponding to the sequence of steps to be carried out by the gynaecologist for calibrating the model. Following the calibration of the model, the physician proceeds with the hysteroscopy examination as prescribed in Table 1 , steps 6-8, and illustrated in Fig 3. Texture analysis and classification The ROI color images were transformed into grayscale images, and or in other color systems like the YCrCb, or HSV (see Table 1 , step 9). Texture features were extracted from the manually segmented ROI images (see Fig. 3(a) ) in order to differentiate between normal and abnormal tissue as given in [9] . The following texture features were computed: Statistical Features (SF), Spatial Gray Level Dependence Matrices (SGLDM), and Gray level difference statistics (GLDS) (see Table 1 , step 10, and Fig. 3 (c) ). ROIs were classified into normal or abnormal, using the support vector machines classifier (SVM), or the C4.5 decision trees algorithm (see Table 1 , step 11) [9] .
RESULTS
The proposed 2D real time navigation system's accuracy was evaluated both in virtual mode using an endometrial model and in a few hysteroscopy examinations. Three models of different endometrial length (measured as the distance between position 1 and position 2 of Fig. 3(b) ) were investigated (6.0, 6.5 and 7.0 cm). For each model, the hysteroscope (attached with the position sensor) was moved at eight equal distance points in the range of 0-6.0 cm, 0-6.5 cm, and 0-7.0 cm. At each point, six position sensor measurements were recorded. Figure 4 displays the percentage error of the difference between the actual distance and the recorded distance measured by the sensor. The smallest and largest errors recorded were 0.18 ± 0.25 and 2.95 ± 1.13 with the hysteroscope positioned centre at 6 cm and 2.25 cm respectively. Error measures were also computed for the roll and elevation angles. However, these errors were insignificantly small. It is clearly shown that these errors are highly acceptable by the experts. Furthermore the system was evaluated in a few clinical hysteroscopy examination cases with very satisfactory results.
CONCLUDING REMARKS
In this paper, a simplified 2D navigation system for hysteroscopy imaging was introduced. The proposed system was evaluated in virtual endometrium models, and the position sensor measurement errors were very small and acceptable by the physician. The 2D navigation system, combined with the ROI quantitative image analysis system will help the physician in gaining a better understanding of the tissue pathophysiology of the ROI under investigation, especially in the case of suspicious regions that need to be biopsied. More work is needed to investigate thoroughly the aforementioned two systems in the clinical context.
